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Total DNA for PCR detection of the gene (gtf) encoding the glycosyltransferase (GTF) responsible for the synthesis of the 2-substituted (1,3)--D-glucan, was extracted from cells harvested from 1 mL of MRS cultures using the DNeasy Blood and Tissue Kit (Qiagen GmbH, Hilden, Germany), according to the manufacturer's instructions. DNA samples were stored at -20ºC until used. For detection of the gtf gene of the EPS producing strains, specific primers GTFF and GTFR were used for PCR amplification as previously described by Werning et al. (2006) . Total genomic DNA and total plasmidic DNA prepared as previously described (Werning et al., 2006) , was used for characterization of the gtf gene, The entire genes were amplified with the primers 5´-ATGTTAAA TGATAATGATTCAGAACTAAAAAAATTTC-3´
(nucleotides 1-37 of gtf) and 5´-TTAATCATTCCAATCAACTGTT TCCGTGTT-3´ (nucleotides 1674-1704 of gtf) (Werning et al., 2006) and these as well as internal primers were used to determine the 1704 nt DNA sequence of both strands of the gtf genes of the three EPS-producing strains as previously described (Werning et al., 2006) .
In addition, the DNA sequence of the first 37 nt and the last 30 nt of the genes of the P. parvulus strains was confirmed by DNA sequencing using total plasmidic DNA preparations (carrying several plasmids) as template and either 5´-AGCCCTGCGTGTTATCATA-3´
(nucleotides 419-400 of gft) or 5´-GCATGTATCGCAATTTCTGG-3´ (nucleotides 1516-1535 of gft). Prior to sequencing, single stranded DNA was generated by random priming of the templates using the DNA polymerase from bacteriophage 29 and the MagniPhi TM kit (Xpolbiotech, Tres Cantos, Madrid, Spain) following the specifications of the suppliers.
The DNA sequences have been deposited in GenBank (P. parvulus CUPV1, GU174475; P. parvulus CUPV22, GU174476 and L. suebicus CUPV221, GU174474). 7
Purification and characterization of EPS
For purification and quantification of EPS, bacterial cells were removed from fermented media by centrifugation (16,000 × g, 4ºC, 30 min) . The EPS present in the supernatant was precipitated by addition of two volumes of cold acetone and incubation overnight at 4ºC (Velasco et al., 2006) . After centrifugation at 14,000 × g for 10 min at 4ºC, the precipitate was washed 3 times with 70% acetone and sedimented by centrifugation. Finally, the EPS was suspended in distilled water and the total sugar content was determined by the phenol-sulphuric acid method using glucose as standard (Dubois et al., 1956) . Each reported value was the average of three independent determinations.
For EPS characterization, the exopolysaccharides were isolated from the fermented growth media after 96 h of culture. After removal of bacteria by centrifugation (as described above) the EPS present in the supernatant was precipitated by addition of three volumes of cold ethanol and incubation overnight at 4ºC. After centrifugation at 14,000 × g for 10 min at 4ºC, the precipitate was washed twice with 80% ethanol and sedimented by centrifugation. Then, the precipitated EPS was dissolved and dialyzed against deionized water, using a membrane (Medicell International, Ltd., London, U.K.) having a cut-off of 3.5 KDa, for 2-3 days (water changed twice daily). After dialysis, the precipitate was lyophilized.
For NMR analysis, 0.6 mg of each purified EPS sample was resuspended in 0.6 mL of deuterated water (99 atom% D, Aldrich) and the solutions were stirred to complete homogenization. The NMR analyses of the EPS were performed using an Avance 500 spectrometer (Bruker Instruments Inc.). 1 H monodimensional and 2D-COSY analyses were carried out at 30ºC according to the conditions described by Dueñas-Chasco et al. (1997) .
The molecular masses of the exopolysaccharides were determined by high-performance size exclusion chromatography (HP-SEC, GPCV 2000, Waters) as described by Velasco et al.
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(2009), using as molecular weight standards dextrans of 10 4 , 4 x 10 4 , 7 x 10 4 , 1,5 x 10 5 , 2,7 x 10 5 , 4,1 x 10 5 , 6,7 x 10 5 , 1,4 x 10 6 y 2 x 10 6 Da (Fluka).
The viscosities of the cell-free fermented growth media were determined with a capillary Cannon-Fenske viscometer (0.3 mm Ø) totally immersed in a constant temperature bath at 26ºC. Viscosity, v=Kt, where K is the characteristic of the capillary (0.002017) was the time measured, was expressed in centistokes (cSt = mm 2 seg -1 ) and all measurements were performed in triplicate.
Gastrointestinal transit tolerance assay
Bacterial suspensions in acidified skimmed-milk (pH 4.6) were incubated in conditions Gastrointestinal stress (GI) was mimicked by exposure of the G pH 5 samples to bile salts and pancreatin at pH 6.5 for 120 min. Cell suspensions were prepared as described above and samples of 2.5 mL were withdrawn to determine cell viability by the LIVE/DEAD ® BacLight TM fluorescent stain (Fernández de Palencia et al., 2008) . Prior to the analysis, it was established that a correlation exists for all strains between green (live bacteria)/red (dead bacteria) fluorescent 9 (G/R) ratio and viable cell numbers as determined by plate count. All experiments were performed in triplicate with three independent cultures of each strain.
Caco-2 cell culture and adhesion assay
The Caco-2 cell line from human colon adenocarcinoma was obtained from the cell bank of the Centro de Investigaciones Biológicas (Madrid, Spain). Cells were grown in Men-Alpha Medium (Invitrogen, Barcelona, Spain), supplemented with 10% (vol/vol) heat-inactivated fetal bovine serum. The incubation was carried out at 37ºC in an atmosphere containing 5% CO 2 .
Caco-2 cells were seeded in 96-well tissue culture plates ( Adhesion experiments consisted of exposing Caco-2 cells to bacteria (ratio 1:10) for 1 h, at 37ºC. Then, unattached bacteria were removed by three-fold washing with 0.2 mL PBS pH 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 10 37ºC with 0.2 mL of 0,05% trypsin-EDTA per well. The detachment reaction was stopped by adding 0.1 mL of cold phosphate-buffered saline PBS pH 7.1 (10 mM Na 2 HPO 4 , 1 mM KH 2 PO 4 , 140 mM NaCl, 3 mM KCl, all purchased from Merck). To determine the number of cellassociated bacteria, appropriate dilutions were plated onto MRS agar plates. All adhesion assays were conducted in triplicate.
Detection of EPS by electron microscopy
The presence or absence of the EPS attached to the bacteria was determined using a JEOL 1230 transmission electron microscope operated at 100 KV. Samples were prepared as follows. Glow-discharged carbon-coated formvar grids were placed face-down over a droplet of each culture concentrated five-fold in 0.1 M AcNH 4 pH 7.0. After 1 min, each grid was removed, blotted briefly with filter paper and, without drying, negatively stained with 2% uranyl acetate for 40 s, then blotted quickly and air-dried.
Macrophage differentiation, culture and immune stimulatory assay
Human peripheral blood mononuclear cells (PBMC) were isolated from buffy coats from healthy blood donors by means of gradient centrifugation. Briefly, buffy coats were diluted 1:1 with PBS and 35 ml were layered over 15 ml of Lymphoprep (Nycomed Pharma, Oslo, Norway).
After centrifugation at 400g for 30 minutes in a swinging bucket rotor, the mononuclear cell layer, containing lymphocytes and monocytes, was recovered and extensively washed with PBS before subsequent procedures. Monocytes were purified from PBMC by magnetic cell sorting using CD14 microbeads (Miltenyi Biotech, Bergisch Gladbach, Germany). CD14+ cells (>95% monocytes) were cultured at 37ºC in an atmosphere containing 5% CO 2 for 7 days in RPMI (GIBCO, Invitrogen, NY, USA) supplemented with 10% fetal calf serum (FCS) (complete medium), containing 1,000U mL -1 granulocyte-macrophage colony-stimulating factor (GM-CSF) Analysis of the GTFs with the TMpred program predicts that the glycosyltranferase active site is surrounded by a two and a four transmembrane region located respectively at the amino and carboxyl ends of the protein. Moreover, the analysis revealed that mutation A489T is positioned in the loop located between the fifth and the six transmembrane helices of the GTF glycosyltransferase whereas neither of the other two mutations is included in transmembrane regions.
Alignment of the GTF glycosyltransferase amino acid sequence of the EPS-producing strains with the members of the superfamily GT-A revealed that the homology extended from 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 14 amino acids 109 to 354. This positioned the L126I mutation within the homology region and indicated that it is located in the active site of the enzyme. The super-family includes diverse families of glycosyltransferases with a common GT-A type structural fold, which has two tightly associated beta/alpha/beta domains and a DXD motif, which is the putative metal ion binding site that coordinates the phosphates of the NDP-sugar in the active centre (Karnezis et al., 2000) .
In addition, some members of GT-2 family have a conserved motif D 1 D 2 D 3 QXXRW, in which D 2 correspond to the first aspartate of the DXD motif, D 1 is also implicated in coordination of the metal and QXXRW has been associated with repetitiveness (Karnezis et al., 2000) . The four aspartates are present in the GTF of LAB (D143, D198, D200 and D306). However, interestingly the QXXRW motif is absent in these enzymes and a poorly conserved motif RHSKW is present in the GTF of P. freudenreichii (Deutsch et al. 2008 ) and in the pneumococcal Tts (Llull et al., 2001 ).
Since we previously detected that P. parvulus 2.6 is able to synthesize -D-glucan using glucose as carbon source (Velasco et al., 2009) , EPS production by the three LAB strains was analyzed during growth in semi-defined media supplemented with this sugar (Fig. 1) . The three strains were able to produce and release EPS into the growth media, at final concentrations between 137 to 180 mg L -1 . All the strains synthesized EPS during the exponential phase of growth, though the pattern of production and secretion differed between the Pedioccus and Lactobacillus strains in the stationary phase. In Pediococcus CUPV1, the EPS concentration increased up to 123 mg L -1 in the early stationary phase (60 hours) with only a moderate increase in concentration to 167 mg L -1 after 181 hours of growth (Fig. 1A) . Similarly, Pediococcus CUPV22 showed a rapid accumulation of EPS (159 mg L -1 at 60 hours) then only a slow increase to a concentration of 179 mg L -1 after 181 hours of growth (Fig. 1 B) . By contrast, in the In order to test the contribution of the -glucan to the adhesion capability, an additional assay was performed with P. parvulus CUPV22, where the bacterial cells had been previously washed with PBS with the aim of removing the -glucan attached to the cell surface (P. parvulus CUPV22* sub-population). Analysis of the washed bacteria by electron microscopy (insets in Fig. 3 ) revealed that indeed this treatment had removed the EPS. Moreover, it provoked a sharp decrease in the adhesion capability of the strain to Caco-2 cells (from 10.5 % to 1.2%) for the CUPV22* sub-population. This is in agreement with the previously reported finding that removal of the EPS of P. parvulus 2.6 EPS reduced its adherence to Caco-2 cells to levels close to that of its isogenic strain, which does not produce the ( The immunomodulatory capacity of P. parvulus CUPV22 and L. suebicus CUPV221 was evaluated by determining their ability to modulate cytokine production by GM-CSF-driven proinflammatory M1 macrophages and M-CSF-driven anti-inflammatory macrophages (Verreck et al., 2004) . Both bacterial strains triggered production of IL-6, IL-8 and TNF- pro-inflammatory cytokines from M1 macrophages (Fig. 4) . By contrast, IL-10 production was only induced by L.
suebicus CUPV221 in both pro-inflammatory M1 and anti-inflammatory M2 macrophages (Verreck et al., 2004) . It is well recognized that the anti-inflammatory cytokine IL-10 has a critical role in the regulation of immunity against infections and the resolution of inflammatory responses, by virtue of its capacity to down-modulate the activity of the immune cells that cause tissue damage during pathogen clearance and inflammation (Couper et al., 2008) . IL-10 action is 18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 26 LEGENDS TO THE FIGURES Figure 1 . Analysis of EPS production by LAB. Growth of the indicated EPS-producing LAB in semi-defined medium was followed by OD measurements (left panels). Their EPS production (solid line) and the viscosity increases of culture medium (dashed line) are depicted in the right panels. The determinations were performed in duplicate and experiments were conducted in triplicate and the mean and standard deviations are shown. *The ratio viscosity/EPS at 181 hours for strain CUPV1 showed a significant difference (P<0.001) from the ratios detected with strains CUPV22 and CUPV 221. 
